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(54) POSITIVE RESIST COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a chemically amplifying positive resist composition of high resolution 
which is excellent in the resistance to dry etching and adhesion to a substrate, giving a good form of the resist 
pattern improved in line edge roughness. 

SOLUTION: The chemical amplifying positive resist composition includes (A) a resin component which is 
enhanced its solubility in an alkaline solution by the action of an acid, (B) an acid generating component which 
generates an acid by the exposure of a radiation and (C) an organic solvent. The composition of (A) is a poly 
(meth)acrylate of which (meth)acrylate units of the main chain containing a dissolution inhibiting group are at 
least partially replaced with esters induced from a (meth)acrylic acid and a lactone-ring containing bridged 
saturated polycyclic alcohol or those induced from a (meth)acrylic acid and a linear alcohol substituted with 
hydroxyl, alkoxyl or acyl groups. 
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CLAIMS 



[Claim(s)] 

[Claim 1] (A) In the positive-resist constituent containing the resinous principle to which the solubility over alkali 
increases according to an operation of an acid, the acid generator component which generates an acid by the 
exposure of the (B) radiation, and the (C) organic solvent (A) a part of the acrylic ester or the methacrylic ester 
unit which has as a component the dissolution control radical which constitutes a principal chain [ at least ] The 
configuration unit and acrylic acid or methacrylic acid guided from the ester of an acrylic acid or a methacrylic 
acid, and lactone ring content bridging mold saturation polycyclic type alcohol, and hydroxyl, The chemistry 
magnification mold positive-resist constituent characterized by using the polyacrylic ester or polymethacrylic 
acid ester permuted by the configuration unit guided from ester with the straight chain-like alcohol permuted by 
the alkoxyl group or the acyl group. 

[Claim 2] The acrylic ester or the methacrylic ester unit in which a resinous principle (A) has a dissolution (a1) 
control radical, a general formula (a2) [** 1] 




They are the configuration unit expressed with (a hydrogen atom or a methyl group, and m of R in a formula are 
0 or 1), and (a3) a general formula [** 2]. 

R 

v / 

-CCH 2 ) 0 -Y 

It is the chemistry magnification mold positive-resist constituent according to claim 1 which is a copolymer 
including the configuration unit expressed with (R in a formula has the same semantics as the above, and 
hydroxyl, an alkoxyl group or an acyl group, and n of Y are the integers of 2-18). 

[Claim 3] Acrylic ester or a methacrylic ester unit (a1) with the dissolution control radical in a resinous principle 
(A) is a general formula [** 3]. 

H / 




It is the chemistry magnification mold positive-resist constituent according to claim 2 which is the configuration 
unit expressed with (R in a formula has the same semantics as the above, and R' is a low-grade alkyl group). 
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[Clainr4J The*6ihemis 1 Ery m^nfic&tioh mold posii!ive-resist cohsStuen€riccdiying to claim 3' wfifch'isTlhe' r 
copolymer with which a resinous principle (A) consists of configuration unit (a1) 40 80-mol % and configuration 
unit (a2) 10 40-mol % and configuration unit (a3) 5 - 20-mol %. 

[Claim 5] A resinous principle (A) is a general formula [** 4] as a configuration unit (a2). 

R 

/ 




It is the chemistry magnification mold positive-resist constituent according to claim 3 or 4 which is a copolymer 
including the configuration unit expressed with (R in a formula is a hydrogen atom or a low-grade alkyl group). 
[Claim 6] A configuration unit (a2) is a formula [** 5]. 

H / 




The chemistry magnification mold positive-resist constituent according to claim 5 which is the configuration unit 
come out of and expressed. 

[Claim 7] A resinous principle (A) is a general formula [** 6] as a configuration unit (a2). 

R 

/ 




It is the chemistry magnification mold positive-resist constituent according to claim 2, 3, or 4 which is a 
copolymer including the configuration unit expressed with (R in a formula is a hydrogen atom or a low-grade alkyl 
group). 

[Claim 8] The chemistry magnification mold positive-resist constituent according to claim 1 to 7 whose acid 
generator component (B) is the onium salt which makes fluorination alkyl sulfonic-acid ion an anion. 
[Claim 9] Furthermore, the chemistry magnification mold positive-resist constituent containing at least one sort 
of 0.01 - 0.2 mass %s according to claim 1 to 8 chosen based on a resinous principle (A) from the low-grade 
fatty amines of the second class and the third class. 

[Claim 10] The chemistry magnification mold positive-resist constituent according to claim 1 to 9 which is the 
partially aromatic solvent of at least one sort as which an organic solvent is chosen from propylene-glycol- 
monomethyl-ether acetate and ethyl lactate, and gamma-butyrolactone. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In more detail, to activity light, especially ArF excimer laser light with a wavelength of 
200nm or less, transparency is high and is high definition, and this invention can form a positive-resist 
constituent and the resist pattern excellent in a resist pattern configuration, dry etching-proof nature, and 
adhesion with a substrate, and relates to the positive-resist constituent of the chemistry magnification mold 
with which the Rhine edge roughness has moreover been improved. 
[0002] 

[Description of the Prior Art] What protected polyhydroxy styrene with the transparency high as a base material 
resinous principle of a chemistry magnification mold resist over KrF excimer laser light (248nm) and the hydroxyl 
group of this by the dissolution control radical of acid dissociation nature has so far been used. However, 
detailed-ization of a semiconductor device progresses increasingly and development of the process using ArF 
excimer laser light (193nm) is furthered energetically by the end of today. 

[0003] In the process using ArF excimer laser light (193nm) f the resin which has the benzene ring like 
polyhydroxy styrene has the fault that transparency is inadequate, to this light. In order to conquer such a fault, 
as resin which does not have the benzene ring until now and is excellent in dry etching-proof nature much resin 
("acrylic ester resin" is only called below) which has the unit guided to the ester section from the acrylic ester 
or methacrylic ester which has an adamantane frame in a principal chain is proposed (the patent No. 2881969 
official report and JP,5-346668,A — ) JP,7-23451 1 ,A, JP,9-731 73,A, JP.9~90637,A, JP,10-161313,A, JP,10- 
319595.A, JP.11-12326A etc. 

[0004] Development with the standard developer which is a tetramethylammonium hydroxide water solution of 
2.38 mass % is possible for the positive resist using these acrylic ester resin, and the result which should be 
satisfied to some extent is further obtained in the transparency and dry etching-proof nature to ArF excimer 
laser light, and the adhesion over a substrate. 

[0005] However, in the current semiconductor device field, although the pattern of further super-**** is 
required and the resolution 150nm or less and near "lOOnm has come to be needed, to such a demand, it is 
becoming already inadequate [ the above-mentioned effectiveness ]. 

[0006] And in order to obtain such a resist pattern of high definition in a good configuration, the dissolution 
control radical content acrylic ester unit part (for example, 2-methyl adamanthyl methacrylate) of the acid 
dissociation nature in base material resin needs thin film-ization (the conventional thickness: about 500nm, 
thickness:300-400nm as which current is requested) of resist thickness, to be increased, etc. 
[0007] However, since the film decrease at the time of dry etching will become large relatively compared with 
the thing of the conventional thickness if thin film-ization progresses and hydrophobicity will become large if it is 
necessary to raise dry etching-proof nature further and the dissolution control radical content acrylic ester unit 
part of acid dissociation nature is increased, the problem that adhesion with a substrate deteriorates arises. 
Moreover, if resist pattern size becomes detailed, resist pattern formation of a good configuration will also 
become difficult. For this reason, while raising more dry etching-proof nature and adhesion with a substrate with 
improvement in definition, it came to be required that a good resist pattern configuration should be acquired. In 
order to fill such a demand, it consisted of an acrylic-acid unit with a lactone ring content bridging saturation 
polynuclear hydrocarbon radical (meta), and an acrylic-acid unit and (meta) an acrylic acid or (meta) an acrylic- 
acid alkyl unit with a bridging polynuclear hydrocarbon radical (meta) with an acidolysis nature machine or a 
carboxyl group, and the chemistry magnification mold resist constituent containing a copolymer with the mass 
mean molecular weights 2000-200000 was proposed (JP,2000-26446,A). 

[0008] It continues till recently. Like an ArF resist by the way, about what has the much more detailed semi- 
conductor design rule of a target Although preventing the phenomenon in which the Rhine edge roughness (LER), 
i.e., irregularity uneven to the rim of Rhine, is formed out of the aforementioned requirement, and precision is 
spoiled, and the failure resulting from the minute surface dry area at the time of etching has come to take up as 
an important problem About this point, it is not solved yet. 
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tProblem(s) to be Solved by the Invention] This invention has the dry etching-proof nature excellent in high 
resolution, and adhesion with a substrate, and is made for the purpose of offering the chemistry magnification 
mold positive-resist constituent which gives the resist pattern of a good configuration with which the Rhine edge 
roughness has moreover been improved. 
[0010] 

[Means for Solving the Problem] this invention persons as a resinous principle to which the solubility over alkali 
increases according to the operation of an acid used together with an acid generator as a result of repeating 
research variously about the chemistry magnification mold resist for ArF An acrylic acid or a methacrylic ester 
unit with a lactone ring content bridging saturation polynuclear hydrocarbon radical, By using a copolymer 
including an acrylic acid or a methacrylic ester unit with the straight chain-like alkyl group permuted by hydroxyl, 
the alkoxyl group, or the acyl group Based on a header and this knowledge, it came to make this invention for 
the ability of dry etching-proof nature, adhesion with a substrate, and the Rhine edge roughness to be improved 
remarkably. 

[001 1] Namely, this invention is set to the positive-resist constituent containing the resinous principle to which 
the solubility over alkali increases according to an operation of the (A) acid, the acid generator component which 
generates an acid by the exposure of the (B) radiation, and the (C) organic solvent. (A) a part of the acrylic 
ester or the methacrylic ester unit which has as a component the dissolution control radical which constitutes a 
principal chain [ at least ] The configuration unit and acrylic acid or methacrylic acid guided from the ester of an 
acrylic acid or a methacrylic acid, and lactone ring content bridging mold saturation polycyclic type alcohol, and 
hydroxyl, The chemistry magnification mold positive-resist constituent characterized by using the polyacrylic 
ester or polymethacrylic acid ester permuted by the configuration unit guided from ester with the straight chain- 
like alcohol permuted by the alkoxyl group or the acyl group is offered. 
[0012] 

[Embodiment of the Invention] It is required to be resin to which the solubility over alkali increases according to 
an operation of an acid as a resinous principle (A) in this invention constituent. It has the configuration unit 
guided as such resin from the acrylic ester or methacrylic ester which has a dissolution control radical, for 
example in a principal chain, and the polymer or copolymer by which an ester group is dissociated with an acid 
can be mentioned. 

[0013] The polymer or copolymer which has the configuration unit guided from acrylic ester or methacrylic ester 
in a principal chain here is a general formula [** 7]. 

R 

"2 C = 0 

\ 

o 

It is the polymer or copolymer which has the principal chain which consists of a configuration unit expressed 
with (R in a formula is a hydrogen atom or a methyl group). 

[0014] And this thing needs to have the property in which the solubility over alkali increases with the acid which 
the acid generator component (B) use together generates in response to an operation of a radiation, and such a 
property protects the hydroxyl group of the carboxyl group in the configuration unit guide from an acrylic acid or 
a methacrylic acid by the dissolution control radical of acid dissociation nature, and is give by consider as alkali 
insolubility. According to an operation of the acid which the polymer or the copolymer with such a configuration 
unit generates from an acid generator component (B), although the exposure section of a resist layer serves as 
alkali fusibility as a result of a dissolution control radical's ****ing and changing to alkali fusibility, the unexposed 
section remains with alkali insolubility, and the resist pattern of a positive type is formed. 

[0015] Out of the dissolution control radical known in the old chemistry magnification mold positive resist as this 
dissolution control radical, the thing of arbitration can be chosen suitably and can be used. Although lactone 
residue like the radical except the hydrogen atom of alpha carbon atom of the third class alkyl group, a 
tetrahydropyranyl group, a cyclic ether radical like a tetrahydrofuranyl radical, 1 -ethoxyethyl radical, an 
alkoxyalkyl group like 1-methoxy propyl group, and gamma-butyrolactone or beta carbon atom etc. is mentioned 
as such a dissolution control radical, for example, the third class alkyl group is especially desirable. 
[0016] As the third class alkyl group of this, the third class alkyl groups of annular, such as the radical excluding 
the hydrogen atom from letter alkyl groups of branching, such as tert-butyl and a tert-amyl group, or the 
hydroxyl group of 2-hydroxy-3-PINANON, 2-methyl adamanthyl radical, 2-ethyl adamanthyl radical, a 2-(1- 
adamanthyl)-2-propyl group, 1-methylcyclohexyl radical, and 1 -ethyl cyclohexyl radical, can be mentioned. 
These dissolution control radicals may have two or more sorts of different radicals in the (A) component. 
[0017] Although the hydrocarbon group combined with the ester part of acrylic ester is a saturated hydrocarbon 



radical of a monocycle type or a polycyclic type, since a 2-fow-grade alkyl adamanthyl radical like 2-methyl 
adamanthyl radical and 2-ethyl adamanthyl radical is excellent in dry etching-proof nature and gives the resist 
pattern of high definition also in these, the third class alkyl group of annular [ this ] is desirable. 
[0018] In addition, the acrylic ester unit which has a 2-low-grade alkyl adamanthyl radical is a general formula 
[** 8]. 

R 
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It can express with (R in a formula has the same semantics as the above, and R' is a low-grade alkyl group), a 
methyl group and an ethyl group can be mentioned as an example of R' in this, and especially a desirable thing is 
a methyl group. 

[0019] In this invention, it is required to include the unit guided from an acrylic acid or methacrylic ester with the 
straight chain-like alkyl group permuted by the configuration unit guided from the acrylic ester or methacrylic 
ester which has the ester part in which a resinous principle has a lactone ring content bridging saturation 
polynuclear hydrocarbon radical by hydroxyl, the alkoxyl group, or the acyl group. 

[0020] That is, as a resinous principle (A) in the positive-resist constituent of this invention, it is a general 
formula [** 9], for example (a1). 

R 
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They are the configuration unit expressed with (R in a formula has the same semantics as the above, and R " is 
a dissolution control radical), and a general formula (a2) [** 10]. 

R 
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R and m in a formula are the configuration unit expressed (with the same semantics as the above), and (a3) a 
general formula [** 11]. 

R 

A copolymer including the configuration unit expressed with (R in a formula has the same semantics as the 

above, and hydroxyl, an alkoxyl group or an acyl group, and n of Y are the integers of 2-18) is used. 

[0021] And as a configuration unit (a1) expressed with said general formula (III), it is [Formula 12], for example. 




(V I ) 



It comes out and the configuration unit expressed is desirable. 

[0022] Moreover, as a configuration unit (a2) expressed with said general formula (IV), it is a formula [** 13] in 
case m is 0, for example. 

i i 




(VII) 



A formula in case the configuration unit come out of and expressed or m is 1, [Formula 14] 

CH 3 
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It comes out and the configuration unit expressed is desirable. 

[0023] As n in the configuration unit (a3) expressed with said general formula (V), it is carbon numbers 2-18, and 
-(CH2)- is straight chain-like alkylene. It is thought that that it is a straight chain-like has contributed to the 
improvement of LER. As an example of such a configuration unit (a3), a hydroxyethyl radical, a hydroxypropyl 
radical, 2-methoxy ethyl group, 2-ethoxyethyl radical, 2-acetyl ethyl group, etc. are mentioned, in addition, the 
mass average molecular weight of the resinous principle (A) in this invention — 5000-20000 — it is the range of 
8000-15000 preferably. 

[0024] this (a2) — the inside of a resinous principle (A) — at least ten-mol % — being contained is desirable, 
and configuration unit [ which is expressed with a general formula (II) especially in this invention ] (a1) 40 - 80- 
mol % — with 50 - 75-mol % preferably configuration unit [ which is expressed with a general formula (IV) ] (a2) 
10 - 40-mol % — with 20 - 35-mol % preferably The configuration unit (a3) 5 expressed with a general formula 
(V) - 20-mol % and the copolymer which consists of 7 - 1 5-mol % preferably Since the resist pattern with which 
it has the dry etching-proof nature excellent in high resolution and adhesion with a substrate, and the Rhine 
edge roughness has moreover been improved is given, it is suitable. Moreover, it is effective in the ability to 
reduce the surface dry area of the resist film formed more than 50 mol % and by considering as the 80 - 90-mol 
range of % preferably in the sum total of the configuration unit expressed in (IV) as a general formula (II). 
[0025] In this invention constituent, to moreover, the monomer which forms each aforementioned configuration 
unit as this resinous principle (A) The acrylic-acid derivative which has a dry etching-proof disposition top 
radical well-known as a positive resist of a chemistry magnification mold, and a **** dissociative dissolution 
control radical until now, The carboxylic acid which has an ethylene nature double bond for considering as alkali 
fusibility, such as a methacrylic-acid derivative, an acrylic acid, a methacrylic acid, a maleic acid, and a fumaric 
acid, If needed, the well-known monomer used for manufacture of acrylic resin is combined suitably, and can 
carry out copolymerization, and it can use. 



[0026] As. the above-mentioned acrylic-acid derivative, the acrylic ester which i protected the hydroxyf group of 
carboxyl groups, such as ester of acrylic-acid 1 -adamanthyl, acrylic-acid 2-adamanthyl, acrylic-acid cyclohexyl, 
acrylic-acid naphthyl, acrylic-acid benzyl, acrylic-acid 3-oxocyclohexyl, acrylic-acid bicyclo [2.2.1] heptyl, 
acrylic-acid tricyclo deca nil, an acrylic acid, and a terpineol and ester of an acrylic acid and 3-bromoacetone, by 
the dry etching-proof disposition top radical or the **** dissociative substituent, for example is mentioned. 
Moreover, as a methacrylic-acid derivative, the derivative of the methacrylic acid corresponding to these 
acrylic-acid derivatives can be mentioned. 

[0027] Moreover, as a carboxylic acid which has an ethylene nature double bond, an acrylic acid, a methacrylic 
acid, a maleic acid, a fumaric acid, etc. are mentioned, for example. As an example of the well-known monomer 
used for manufacture of acrylic resin, acrylic-acid alkyl ester, corresponding alkyl methacrylate ester, etc., such 
as a methyl acrylate, an ethyl acrylate, acrylic-acid propyl, acrylic-acid isopropyl, acrylic-acid n-butyl, isobutyl 
acrylate, acrylic-acid n-hexyl, acrylic-acid octyl, 2-ethylhexyl acrylate, acrylic-acid lauryl, acrylic-acid 2- 
hydroxyethyl, and 2-hydroxypropyl acrylate, can be mentioned, for example. 

[0028] In addition, a resinous principle (A) can manufacture a corresponding acrylic ester monomer easily 
according to the well-known radical polymerization using a radical polymerization initiator like 
azobisisobutyronitril (azobisuisobutironitoriru). 

[0029] On the other hand, out of a thing conventionally well-known as an acid generator in a chemistry 
magnification mold resist as an acid generator component (B) which generates an acid by exposure in this 
invention constituent, the thing of arbitration can be chosen suitably and can be used. As an example of this acid 
generator, diphenyliodonium hexafluorophosphate, Phenyliodonium trifluoromethane sulfonate, (4-methoxypheny) 
Screw (p-tert-buthylphenyl) iodonium trifluoromethane sulfonate, Triphenylsulfonium trifluoromethane sulfonate, 
diphenyl (4-methoxypheny) sulfonium trifluoromethane sulfonate, Diphenyl sulfonium trifluoromethane sulfonate, 
(p-tert-buthylphenyl) Diphenyliodonium nonafluorobutane sulfonate, screw (p-tert-buthylphenyl) iodonium 
nonafluorobutane sulfonate, Onium salts, such as triphenylsulfonium nonafluorobutane sulfonate, and the onium 
salt which makes fluorination alkyl sulfonic-acid ion an anion especially are desirable. 

[0030] This acid generator component (B) may be used independently, and may be used combining two or more 
sorts, the loadings — the (resinous principle A) 100 mass section — receiving — 0.5 - 30 mass section — it is 
preferably chosen in the range of 1 - 10 mass section. If pattern formation is not fully performed under in the 0.5 
mass section and these loadings exceed 30 mass sections, a uniform solution will be hard to be obtained, and it 
becomes the cause that preservation stability falls. 

[0031] this invention constituent dissolves an aforementioned resinous principle (A) and an aforementioned acid 
generator component (B) in an organic solvent (C), and is used as a solution, under the present circumstances, 
the thing which can dissolve both the above-mentioned components and can be used as a uniform solution as an 
organic solvent to be used — it is — ****ing — the thing of the arbitration out of a thing conventionally well- 
known as a solvent of a chemistry magnification mold resist — one sort — or it can choose suitably and two or 
more sorts can be used. 

[0032] As an example of such an organic solvent (C), an acetone, a methyl ethyl ketone, Ketones, such as a 
cyclohexanone, methyl isoamyl ketone, and 2-heptanone Ethylene glycol and ethylene glycol mono-acetate, a 
diethylene glycol, Diethylene-glycol mono-acetate, propylene glycol, and propylene glycol mono-acetate, The 
monomethyl ether of dipropylene glycol or dipropylene glycol mono-acetate, Polyhydric alcohol, such as the 
monoethyl ether, the monopropyl ether, the monobutyl ether, or the monophenyl ether, and the derivative of 
those, Ester, such as ring type ether like dioxane, methyl lactate, ethyl lactate, methyl acetate and ethyl acetate, 
butyl acetate, methyl pyruvate, pyruvic-acid ethyl, methoxy methyl propionate, and ethoxy ethyl propionate, can 
be mentioned. 

[0033] Especially in this invention constituent, it is advantageous to use the partially aromatic solvent of at least 
one sort and gamma-butyrolactone which are chosen from propylene-glycol-monomethyl-ether acetate and 
ethyl lactate as this organic solvent. In this case, as a mixed rate, it is chosen so that the mass ratio of the 
former and the latter may become the range of 70:30 thru/or 95:5. 

[0034] A resist pattern configuration and in order to lengthen and place and to raise stability with the passage of 
time etc., the second class low-grade fatty amine and the third class low-grade fatty amine can be made to 
contain in this invention constituent if needed. As an example of this the second class and tertiary amine, a 
trimethylamine, diethylamine, triethylamine, JI-n propylamine, Tori-n propylamine, tripentylamine, diethanolamine, 
triethanolamine, etc. are mentioned. These may be used independently and may be used combining two or more 
sorts. These amines are usually used in the range of 0.01 - 0.2 mass % to a resinous principle (A). 
[0035] this invention constituent can be made to carry out addition content of the surfactant for raising the 
additional resin for improving the engine performance of the additive which has a miscibility by request further, 
for example, the resist film, and spreading nature, a dissolution inhibitor, a plasticizer, a stabilizer, a coloring 
agent, the antihalation agent, etc. 

[0036] As operation of this invention constituent, although the resist pattern formation approach of the 



conventional pnotdresist technique is used, in order to carry out suitably, apply the solution of this resist 
constituent with a spinner etc., dry and a sensitization layer is made to form on a base material like a silicon 
wafer first, and through a desired mask pattern, ArF excimer laser light is irradiated and is heated for example, 
with an ArF aligner etc. to this. Subsequently, the development of this is carried out using an alkali developer, for 
example, a 0.1 - 10 mass % tetramethylammonium hydroxide water solution. Thus, a pattern faithful to a mask 
pattern can be obtained. Moreover, although especially this invention constituent is useful to an ArF excimer 
laser, it is more effective than it also to radiations, such as F2 laser of short wavelength, EUV (extreme 
ultraviolet rays) and VUV (vacuum ultraviolet radiation), an electron ray, an X-ray, and soft X ray. 
[0037] 

[Effect of the Invention] this invention constituent is a chemistry magnification mold, it has a good resist pattern 
configuration and the improved Rhine edge roughness while its transparency is high and it has high definition to 
activity light, especially ArF excimer laser light with a wavelength of 200nm or less, and it gives the resist 
pattern excellent in dry etching-proof nature and adhesion with a substrate. Therefore, it is used suitable for 
manufacture of the semiconductor device as which micro-machining is required as a positive resist of the 
chemistry magnification mold which makes ArF excimer laser light the light source. 
[0038] 

[Example] Next, an example explains this invention to a detail further. In addition, the Rhine edge roughness 
value and dry etching-proof nature in each example are measured by the following approach. 
[0039] (1) Rhine edge roughness value; 32 width of face of the resist pattern of a sample was measured by 
length measurement SEM (the Hitachi, Ltd. make, trade name "S-9220"), and the 3 time value (3sigma) of 
standard deviation (sigma) was computed from the result. It means that roughness is small and the resist pattern 
of homogeneous line width was obtained, so that this 3sigma is small. 

[0040] (2) Dry etching-proof nature; the amount of film decreases when processing by the etching system (the 
TOKYO OHKA KOGYO CO., LTD. make, trade name "OAPM-2400") was measured and evaluated, using the 
mixed gas (flow rate 30:30:100) of tetrafluoromethane (CF4), trifluoromethane (CHF3), and helium as etching gas. 

[0041] Example 1 (b) type [** 15] 
CH 3 
l 

-«CH 2 -C>- 
I 

o=c-o 

The 60 mol % and (b) type of configuration units come out of and expressed [** 1 6] 

I 

I 

0 = C-0 




30 mol % and (Ha) the type [** 1 7] of configuration units which are come out of and expressed 
CH 3 
I 

-(CH 2 -Cf 
I 

0 = C-0-CH 2 CH 2 OH 

The copolymer (A component) 100 mass section of the mass average molecular weight 10,000 which comes out 
and consists often mol % of configuration units expressed, the triphenylsulfonium trifluoromethane sulfonate (B 
component) 0.2 mass section, the triphenylsulfonium NONAFUROORO butane sulfonate 2.0 mass section, and 
the triethanolamine 0.2 mass section were dissolved in the propylene-glycol-monomethyl-ether 800 mass 
section, and the positive-resist constituent solution was prepared. Subsequently, the resist layer of 360nm of 



thickness .was formed by applying this resist solution using a spinner on the silicon water which prepared the 
organic antireflection film (the product made from SHIPURE, trade name "AR-19") of 820A of thickness, and 
drying for 90 seconds at 140 degrees C (pre bake) on a hot plate. Subsequently, with the ArF aligner (the NIKON 
CORP. make, "NSR-S302trade-name A" NA=0.6), after 130 degrees' C having carried out heating (PEB) 
processing for 90 seconds after irradiating ArF excimer laser light (193nm) alternatively, and carrying out paddle 
development for 30 seconds in a 2.38 mass % tetramethylammonium hydroxide water solution subsequently, it 
rinsed for 30 seconds and dried. As for the marginal resolution of the resist pattern formed by such actuation, 
120nm Rhine and a tooth-space pattern were formed in 1:1. When the exposure time in that case (sensibility) 
was measured in mJ/cm2 (the amount of energy) unit, it was 17.0 mJ/cm2, and the pattern configuration of a 
120 above-mentionednm Rhine and a tooth space was excellent in perpendicularity, and was a good resist 
pattern. Film peeling was not accepted about this resist pattern, but good adhesion was shown. Moreover, the 
depth of focus width of face of a 130nm Rhine and a tooth-space pattern was 0.6 micrometers. Furthermore, it 
was 144nm when the amount of film decreases was calculated. Moreover, the amount of Rhine edge roughness 
was 8.5. 

[0042] Instead of the copolymer of A component in example 2 example 1, it is a (d) type [** 18]. 
CH 3 




The 65 mol % and (e) type of configuration units come out of and expressed [** 1 9] 
CH a 



l 

0=C-0 




The 25 mol % and (**) type of configuration units come out of and expressed [** 20] 
CH 3 
I 

I 

0 = C-0-CH 2 CH 2 OC 2 H 5 

It came out, and consisted of ten mol % of configuration units expressed, and the positive-resist constituent was 
prepared like the example 1 except having used the copolymer of the mass mean molecular weight 10,000. 
Subsequently, the resist pattern was made to form like an example 1 using this resist solution. Thus, about the 
obtained resist pattern, like the example 1, 120nm Rhine and a tooth-space pattern were excellent in 
perpendicularity, and were formed in the good configuration, and sensibility is 16 mJ/cm2, and moreover, film 
peeling was not accepted but showed good adhesion. Moreover, the depth of focus width of face of a 130nm 
Rhine and a tooth-space pattern was [ 148nm and the amount of Rhine edge roughness of 0.6 micrometers and 
the amount of film decreases ] 7.1. 

[0043] Instead of the copolymer of A component in example of comparison 1 example 1, it is a formula [** 21]. 
CH 3 
I 

-«CH a -0- 
I 

o=c-o 

H 3 C 



60 mol % and the type [** 22] of configuration units which are come out of and expressed 
CH 3 

I 

I 

0 = C-0 

°-\ 

The positive-resist constituent was prepared like the example 1 except having used the copolymer of the mass 
mean molecular weight 14,000 which comes out and consists of 40 mol % of configuration units expressed. 
Subsequently, the resist pattern was made to form like an example 1 using this resist solution. Thus, about the 
obtained resist pattern, 130nm Rhine and a tooth-space pattern were formed in the T character-like 
configuration, and sensibility was 18 mJ/cm2. There was no film peeling and adhesion was still better. Moreover, 
the depth of focus width of face of a 1 30nm Rhine and a tooth-space pattern was [ 1 39nm and the amount of 
Rhine edge roughness of 0.4 micrometers and the amount of film decreases ] 18.2. 

[0044] The positive-resist constituent was prepared like the example 1 using the copolymer of the mass mean 
molecular weight 10,000 which consists of 60 mol % [ in an example 1 / of (b) configuration units ], and ten mol % 
of 30 mol % and methacrylic-acid units of (b) configuration units, and, subsequently the resist pattern was made 
to form as an example 2 (A) component of a comparison using this. Thus, about the obtained resist pattern, 
120nm Rhine and a tooth-space pattern were formed by the shape of a rectangle, and sensibility was 21 
mJ/cm2. There was no film peeling and adhesion was still better. Moreover, the depth of focus width of face of a 
130nm Rhine and a tooth-space pattern was [ 140nm and the amount of Rhine edge roughness of 0.6 
micrometers and the amount of film decreases ] 10.6. 

[0045] The positive-resist constituent was prepared like the example 2 of a comparison, and, subsequently the 
resist pattern was made to form using this using the copolymer of the mass mean molecular weight 10,000 
including an ethyl methacrylate unit instead of the methacrylic-acid unit of the (A) component in the example 2 
of example of comparison 3 comparison. Thus, about the obtained resist pattern, 120nm Rhine and a tooth- 
space pattern were formed by the shape of a rectangle, and sensibility was 18 mJ/cm2. There was no film 
peeling and adhesion was still better. Moreover, the depth of focus width of face of a 130nm Rhine and a tooth- 
space pattern was [ 1 42nm and the amount of Rhine edge roughness of 0.6 micrometers and the amount of film 
decreases ] 10.0. 
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